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EXECUTIVE SUMMARY

High occupancy vehicle (HOV) lanes, adso known as carpool lanes and diamond
lanes, are designated for use by carpoolers, trandt riders, ridesharers, and motorcycles
that meets the occupancy requirement. By redtricting access, the HOV lane benefits users
by dlowing them to travd the freeway sysem a a faster speed, thus saving time and
experiencing gregter travel time reiability in comparison to motorists on generad purpose
(GP) lanes.

HOV lanes exist in mgor corridors around the Puget Sound area, such as 5, |-
405, 1-90, SR 520, and SR 167. Virtudly dl HOV lanes are available 24 hours a day, 7
days a week for vehicles that meet the occupancy requirement. The occupancy
requirement for HOV lanes on limited access freeways is two or more persons, with the
exception of the SR 520 westbound lanes, which havs a 3+ passenger requirement.  Other
exceptions to the occupancy requirement include motorcyclists, who can travel on any
HOV lane, and SOVs traveing on the 1-90 reversble lanes between Mercer Idand and
Sedttle,

This report describes the resuts of an extensve monitoring effort of HOV lane
use and peformance in 1998. It presents an analyss of data collected to describe the
number of people and vehicles that use those lanes the rdiability of the HOV lanes,
travel time savings in comparison to generd purpose lanes, violation rates, and public
perceptions.  This information is intended to serve as reliable input for policy making

within the metropolitan area.



USAGE

The andyss reveded tha HOV lanes are heavily used within the Puget Sound
areq, but usage varies with both time and location. In generd, HOV lanes are used mogt
heavily during pesk commute periods and in pesk directions Usage is highest near high-
densty employment Stes and diminishes near the suburban ends of individud HOV
fadlities. HOV volumes can be as high as 1,500 vehicles per lane per hour during the
peak hours of operation, but midday HOV use is generdly moderate with volumes near
500 vehicles per hour. However, HOV lane usage strengthens throughout the day, with
partticular growth in the shoulders of the HOV peek period. While not empty, the lanes
do give an impresson to many people of being under-utilized during these off-peak
periods.

Three factors Sgnificantly affect HOV use:

the levd of trangt sarvice (qudity, frequency, and number of buses) on
the HOV lane

the rules that govern HOV use

the level of congestion found on the adjacent generd purpose (GP) lanes.

High levels of qudity trangt service with consgent, onrtime performance (which
can only be assured with rdigbly functioning HOV lanes) dgnificantly increese the
number of people usng HOV lanes, while adding only margindly to the number of
vehicles that use the HOV lanes. This can result in lanes that "look empty” but that are
actudly moving considerably more people than the generad purpose lane next to the HOV

lane.



Where trangt service is not superb, HOV lane people moving is performed
primarily by carpools. Carpool use of HOV lanes is most sgnificantly affected by the
occupancy redriction placed on individud HOV faciliies  Significant increeses in an
HOV lan€'s traffic volume occur under a 2+ in comparison to a 3+ carpool definition.
Conversly, use of a 3+ capool definition is a dmple and effective means of limiting
HOV lane volumes when geometric and operationd safety concerns (e.g., on SR 520
westbound) outweigh the public’s desire for HOV system access.

While excdlent trangt service and low carpool occupancy rules both provide
grong incentives for usng HOV lanes, heavy HOV lane usage only occurs when routine
dally congestion on the adjoining GP lanes produces a sgnificant disncentive for sngle
occupancy vehicde use.  When the incentives and disincentives outlined above ae
combined, HOV usage is high. When only one of these factors is present, HOV use is

moderate.

OPERATIONAL PERFORMANCE

In generd, HOV lanes perform as intended, maintaining an average speed of 45
mph or faster 90 percent of the time. However, some corridors do not meet that standard.
A review of why they do not meet the standard shows that many of HOV lane delays are
caused by GP lane congestion. That is, when stop-and-go congestion occurs in the GP
lane, HOV traffic dows down because drivers are uncomfortable with traveling a 55
mph 0 close to sopped traffic. This is cdled "lane friction” and is not something thet
can be easly solved without the addition of a barrier between the GP lanes and HOV
lane. Other causes for reduced HOV speed include the following: (1) congestion at the

end point of HOV facilities, when HOV vehicles are forced to merge with GP lanes, (2)



nearby incidents and incidents that block the HOV lane, (3) adverse weather such as a

snow storm, and (4) geometric congtraints of roadways such as hills and curves.

VIOLATION RATES

Violation rates are low in generd. Low violation rates show that most people
obey the HOV redrictions. Violations tend to increase in areas where getting caught is
unlikely, such as near off-ramps where HOV and SOV's share the lane, and near the end
of HOV fadilities where HOV traffic merges into the GP lane.  While we did study the
effects of HOV enforcement, limitations in the types of data collected and stored did not
dlow us to determine a valid datistic that describes the effect that enforcement actions

have on HOV lane violation rates.

PUBLIC PERCEPTION

Ovedl, the support for HOV lanes continues to remain high among 4l
commuters.  Although the opinions of HOV drivers and SOV drivers diverge on issues
rdated to HOV lane usage, performance, and funding, the mgority of both HOV and
SOV drivers favor the idea of HOV lanes and additiond HOV lane condruction. A
majority of commuters believe that HOV lanes are afair use of taxpayers money.

HOV Lane Utilization

Most surveyed drivers agreed that HOV lanes are easy to use. When asked about
whether HOV lanes help save dl commuters a lot of time, not surprisngly, SOV users
tended to be more negative because they are forced to wait in congestion bottlenecks
during the pesk commute period. The predominant reason that drivers did not use HOV

lanes is that traffic was dready moving fast enough. Other reasons that HOV lanes were



not used include the perception that they are dower than adjoining GP lanes during free
flowing conditions and that changing lanes from them is difficult.

HOV L ane Operation

Public opinion showed a preference for keeping redrictions on HOV lanes a Al
times, with most respondents agreeing that HOV lanes should never be opened to al
traffic. 86 percent of HOV drivers and 56 percent of SOV drivers supported this issue.

HOV Lane Violations

More than haf of the respondents beieved that HOV violaions are common
during the commute hours. The mgority of the survey respondents were neutrd in ther
opinion of the HERO program. This suggests that further public education may be
needed to provide commuters with a greater understanding of the important role that 764-
HERO plays in controlling HOV lane violaions.

HOV L ane |l mprovements

Regarding options that may help improve the current HOV system, the public
supports issues related to expansion and enforcement over issues linked to transportation
management such as employer subsidies, increased bus service, and more park & ride
lots. Congructing access ramps for indde HOV lanes received a fair amount of support
as wdl. This may be due to the public's strong desre to continue expansion of the
freeways to improve efficiency and lane capacity. Respondents dso clearly favored

indde HOV lanes, aswdl aswider and safer lanes.



CHAPTER ONE
INTRODUCTION

High occupancy vehicle (HOV) lanes, dso known as carpool lanes and diamond
lanes, are designated for use by carpoolers, trandt riders, ridesharers, and motorcycles
that meet the occupancy requirement. By redricting access in this way, the HOV lane
bendfits users by dlowing them to travel the freeway system at a faster speed, thus saving
time and experiencing greater travd time rdiability in comparison to motorists on generd
purpose (GP) lanes. As indicated in the 1992 Washington State Freeway HOV System
Palicy report, the objectives of the HOV facilities are threefold:

* Improve the capability of congested freeway corridors to move more people

by increasing the number of people per vehicle,

» Provide travel time savings and a more reliable trip time to high occupancy

vehicles that use the facilities, and

» Provide safe travel options for high occupancy vehicles without unduly

affecting the safety of freeway general-purpose mainlines.

To ensure that these incentives for HOV usars provide bendfit, a date policy
related to speed and reliability standards has been edtablished. It states that any HOV
faglity “should maintan or exceed an average speed of 45 mph or greater at least 90
percent of the time” during the pesk hour. To accuratedly evduate the system’s
effectiveness, the policy adso requires an annud report to document HOV system
peformance, examining the HOV lanes person-carying cgpability, trave time savings,
and trip rdiability benefits in comparison to adjacent GP lanes, as well as the lanes

violation rates.



REPORT OBJECTIVE

The objective of this report is to illustrate the performance of the HOV fadilities
in the Puget Sound area by usng an advanced set of performance measures and tools.
These results can hdp guide transportation decison mekers and planners in evauating
the impact and adequacy of the exiging HOV lane system in the Puget Sound area and in
planning for other HOV facilities.

Descriptions of the tool st and methodology for andyzing HOV fadility usage
and peformance in teems of vehide and person throughput, travel time, and speed and
religbility meesures are provided in a separate report titled Evaluation Tools for HOV
Lanes Performance Monitoring. Other rdevant supplementa information, such as
higorica quarterly occupancy and probe vehicle speed data, is avaldble from the HOV

report Web ste at <http://mww.wsdot.wa.gov/eesc/ath/at/hov/Titlepg.html>.

STUDIED CORRIDORS

HOV lanes exig in mgor corridors around the Puget Sound area.  Virtudly dl
HOV lanes are avalable 24 hours a day, 7 days a week for vehicles that meet the
occupancy requirement.  The occupancy requirement for HOV lanes on limited access
freeways is two or more persons, with the exception of the SR 520 westbound lanes,
which have a 3+ passenger requirement. Other exceptions to the occupancy requirement
include motorcydigs, who can travd on any HOV lane, and SOVs traveling on the F90
reversible lanes between Mercer 1dand and Seattle. Operationa specifications for each of
the studied HOV facilities are provided in Table 1-1.

This report presents corridor-wide and location specific HOV performance results

for the following corridors: 1-5, K405, 90, SR 520, and SR 167. Anayss on other



corridors and locations (i.e.,, SR 16, SR 410, and SR 512) were not feasible because of
limited data avalability. Trangt sarvices offered on the measured corridors include
Community Trandgt, Metro Trangt, and Pierce Trandt, which provide express service to
severd downtown locations and cross Lake Washington. As of late 1998, dl HOV lanes
have operated dong the freeway median, with the exception of the HOV lane on SR 520,
which operates dong the shoulder. The outside to insde HOV lane converson for -405

north of the I-90 interchange was completed in autumn 1998.

Table1-1. HOV gstem in Washin%on State

HOV Geometric Direction Number of  Operating  Occupancy
Corridors Lanes Hours Requirement
-5 Concurrent Flow NB, SB 1 each direction 24-hr 2+ HOVs

Barrier Separated SB (AM only)

ExpressLane

Reversible Flow
| -405 Concurrent Flow NB, SB 1 each direction 24-hr 2+ HOVs
1-90 Concurrent Flow WB, E 1 each direction 24-hr 2+ HOVs

Barrier Separated WB (AM only) 2reversible
Reversible Flow EB (PM only)

SR 520 Concurrent Flow wWB 1 (WB only) 24-hr 3+ HOVs

SR 167 Concurrent Flow NB, SB 1 each direction 24-hr 2+ HOVs

MEASURES OF EFFECTIVENESS

The measures of effectiveness (MOES) for this project provide a vdid bass for
evauating the peformance of the current HOV lane system. In addition to ther
ussfulness in meking decisons concerning lane configuration, occupancy requirement
policies, and generad purpose lane converson, the MOEs dso help address WSDOT' s

needs for information to help determine where and when to congtruct new HOV facilities.



As dated by the WSDOT’s HOV Lane Minimum Threshold Policy, four preconditions for
HOV lane construction mugt exist:

1. Facility demand exceeds capacity for more than one hour each day.

2. Evidence exigs that an HOV lane will move more people per hour during

peak periods than the per-lane average of the adjacent generd purpose lanes.

3. Thereisloca support for HOV lane congtruction.

4. The HOV lane ssgment will improve continuity by linking other HOV lane

corridors identified in the Year 2000 HOV Core Lane System report.

The impact of the HOV sysem is reflected through primary measures of
effectiveness such as person throughput, vehicle occupancy, travel time, speed, and
religbility. The ability of the HOV fadility to carry more people is reflected through
measures of vehicle and person throughput, as well as of vehicle occupancy. Trave time
speed, and trip rdiability illusrate the peformance of the HOV facility.  Secondary
performance measures include enforcement and violations rates dong the HOV lane
sysem. In addition to the andyss supported by the quantitative data, it is dso important
to assess how the public perceives the performance of the HOV fadlity. A brief
description of the primary and secondary measures on which the data collection efforts
were focused is provided below.

Primary M easur es

Vehicle Volume—Number of vehicles recorded passing a given freeway location

during weekday morning and evening pesk commute periods, as wel as over an

average 24-hour weekday.



Person Volume—Number of passengers measured a a given freeway location during

weekday morning and evening peak commute periods.

Average Vehicle Occupancy—Average number of occupants in a vehicle—which

indudes persons in cars, vanpools, and trandt buses—at a given freeway location
during weekday morning and evening pesk commute periods.

Speed and Trip Reliability—Average vehicle speeds based on the average trave

time for a given trip. Trip rdiability refers to the percentage of time tha the vehicle
travels less than 45 mph.

Travel Time—Average time in hours and minutes required to complete a trip from
point A to point B based on trip start time throughout an average weekday.

Secondary M easur es

HOV Violations—Because redrictions dong the Puget Sound freeway HOV system

apply 24 hours a day, the only violation to enforce is when motorists do not meet the
minimum occupancy requirement.  Indicators for HOV violations include violaions
observed on area highways by traffic observers, tickets and warnings issued by law
enforcement officers, activity levels on the region’s violation reporting hotline (764-
HERO), and the support of the judicid sysem when tickets are contested in the
courts.

Safety—Public opinion survey results provide a variety of information about
commuters  perceptions of HOV lane safety. These data measure the level of concern
about safety and its impact on mode choice.

Public _Opinion—Public opinion data indicate the HOV program's perceived

importance and effectiveness, as well as ways it may be modified to apped to more of



the region's drivers. This report presents public opinion data hat rank various options
to improve the HOV sysem and that indicae differences in opinion between

ridesharers and SOV commuters regarding HOV related issues.

REPORT ORGANIZATION

The intet of this report is to provide the results of an andyds of HOV system
peformance. Chapter 2 illusrates HOV lanes dbility to carry persons and vehicles.
Speed and rdiadbility for HOV lanes and travel time comparisons between GP and HOV
lanes are presented in Chapter 3. HOV violation information is discussed in Chapter 4.

Chapter 5 includes the results of a public opinion survey.



CHAPTER TWO
THROUGHPUT

To invedtigate the effectiveness of the HOV system, person and vehicle volumes

were andyzed a specific dgtes dong mgor HOV corridors, and the results were

compared with those of GP lanes for morning and afternoon pesak periods in the direction

of heaviest traffic flow (directiond flow). The purpose of these measures is to determine

(1) whether the HOV lane is enhancing the person-carrying capacity of the system, and

(2) to what extent an HOV lane is being used. Various types of HOV performance are

reflected in the following sections:

General Results

Generd comparison of HOV vs. GP person throughput on a per-lane basis is
provided for the representative Stes over the defined peek periods. HOV
person-carying ability is described by the rate of average vehide occupancy
(AVO). Mode split and bus ridership in HOV lanes are dso presented.

HOV Volume Flow

To examine more closdy the extent and variation of changes in vehide
volumes observed along HOV corridors, HOV volumes aong HOV corridors
are depicted geographically during the pesk periods for average weekdays.
These graphics hdp identify directiona patterns as well as locations with high
and low HOV usage.

GP vs. HOV 24-hour Volume Profile

A 24-hour average daly traffic volume profile for each combinaion of lane

type and traffic direction are presented for each of the representative Stes.



For each location, the 24-hour GP and HOV volumes are expressed as volume
per lane per hour (vplph) for both directions.

* GPvs HOV Throughput Comparison
Person and vehicle volumes for HOV and GP lanes are compared by lane type
(i.,e, GP, HOV) and by per-lane unit for both morning and afternoon pesk
periods for each representative ste.  The average vehicle occupancy rate is
aso presented. The per-lane comparison dlows a true comparison between
HOV and GP lane vehide- and person-carying abilities.

Ten representative sites were selected in the mgor corridors (i.e, -5, 1-405, 1-90,

SR 167 and SR 520) for detalled usage andyss. Selection was based on points of
interest as well as the availability and usability of input datain 1998 (see Figure 2-1):

I-5 @ 112'" SE — Everett (Near Everett)

I-5 @ NE 137" . (Near Northgate)

I-5 @ Albro Place (South of Seettle Downtown)

1-405 @NE 85" . (Near Kirkland)

1-405 @ SE 59" St. (Near Factoria)

[-405 @ Tukwila Parkway (Near Southcenter)

[-90 @ Midspand (Hoating Bridge)

[-90 @ Newport Way (Near 1ssaquah)

SR 520 @ 84™ Ave. NE (Near Meding)

SR167 @ S. 208" (Near Kent)



I-5 @ NE 137th
St.

SR 520 @ 84th
Ave. NE

1-90 Midspan
(Floating
Bridge)

I-5 @ Albro
Place

1-405 @
Tukwila
Parkway

=

Everett C? (2)

Snohomish Co.
King Co.

— 1-5 @ 112th St.
SE

— 1-405 @ NE

85th

L— 1-90 @
Newport Way

1-405 @ SE
59th St.

| Kitsap Co. HOV Lanes
Pierce Co. Existing
@ == Under construction
=== Future
Federal Auburn
Way

Tacoma N King Co.

\ /_, perece \K

Lakewood ¢

4

3

SR 167 @ S.
208th St.

2

Figure 2-1. Selected HOV Analysis Sites



Note that loop volume data for the I-5 HOV lanes south of the |-405 interchange were not
available for this report because of recent congtruction in the area.  Therefore, no andyss

of HOV performance for this section of freeway is provided in this report.

GENERAL RESULTS

Typicdly, the mgor freeway corridors have one HOV lane and two to four GP
lanes in each direction (except 1-90, which has two nonrexclusve HOV lanes from
Mercer Idand through the Mt. Baker tunnd to Sesttle). Figure 2-2 shows person volume,
vehide volume, and AVO for each of the ten representative dtes during the morning
peak period, and Figure 2-3 shows the same data for the evening pesk period. In
addition, these figures dso indicate whether the HOV lane carried more or fewer people
during these periods in comparison to the adjacent GP lane.

Both vehicde and person volumes in the HOV lanes were high on I-5 near
Northgate and south of downtown Seetle, and on 1-405 near Kirkland and Factoria
during the peek periods. For example, the HOV lane on I-5 near Northgate carried over
twice as many people in about 30 percent fewer vehicles in comparison to an average
adjoining GP lane (refer to Figure 2-30).

Fgure 2-4 shows the percentages of people carried by buses, cars, and vans in
HOV lanes during the peak periods. The high person volumes observed on -5 were due,
in large part, to high bus ridership: about 30 to 40 percent of the people carried in the
HOV lanes a the sdected Stes on I-5 were caried by buses. Significant use of trangt
buses dlowed the HOV lane to move consderably more people than the adjacent GP
lanes. More specific throughput comparisons between HOV and GP lanes are provided

later in this chapter.



In contrast, the 1-90 and SR 520 HOV facilities carried fewer people in
comparison to the adjacent GP lane during the pesk periods. However, these levels of
performance are lower for different reasons. 1-90 has relatively low congestion levels in
comparison to other mgjor freeway corridors in the Puget Sound area.  In addition, HOV
volumes are split between two lanes on 1-90 midspan. On the other hand, SR 520 is
among the most congested facilities in the state.  Nonethdless, it is harder for motorigts to
form and maintain carpools to saisfy the 3+ occupancy requirement that currently gpplies
(for safety and operationd reasons) to thisHOV facility.

Interestingly, athough the vehicle volume on the westbound SR 520 HOV lane
near Medina was relatively low, the AM pesk period AVO was 14.2, whereas the typicd
AVO vadue ranged between 2.1 and 4.1 a other Sudied Stes. This is because trandt
buses frequently use this HOV fadlity. Fgure 2-5 shows the vehicle classfication
percentages in HOV lanes based on fidd measurements for the sdected sStes during
morning and afternoon pesk periods. On westbound SR 520 during the morning
commute period, 32 percent of the inbound traffic comprised buses, which carried 67
percent of al HOV lane travelers (see Figure 24). High percentages of HOV users, from
32 to 43 percent, were aso observed commuting by trangit bus in the HOV lanes on |5
near Northgate, Boeing Field, and in the reversble HOV lanes on 1-90.

Note that HOV volumes are not necessarily evenly digtributed during the hours
within the peek periods, and tha HOV volumes become higher during the pesk commute
hour. Thus the HOV lane performs even better during the peak hour than suggested by
its pesk period performance described in this chapter. The timing of the true peak hour

HOV lane volume varies from location to location (eg., 7:35 AM to 8:35 AM or 7:50



AM to 850 AM) depending on the nature of travel demand at that location. Figure 26
shows that pesk hour volumes can increase from 15 percent to as high as 48 percent over

the average hourly volume during the peak period.

18000
16000
AVO=4.1
14000 o
12000
AVO=3.3
P ied P
10000 L;r‘séons Carried Per
Vehicle Volume Per
8000 . Lane
AVO=2.1
AVO=2.7 Carried More
6000 Persons When
Compared with
AVO=14.2 Adjacent GP Lane
4000
AVO=2.1 AVO=2.6
2000 11
04

Figure2-2. HOV Lane Usage During AM Peak Period (1998)
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Figure 2-3. HOV Lane Usage During PM Peak Period (1998)

0% 25% 50% 75% 100%

AM

-5 SB @ 112th SE

I1-5 SB @ NE 137th St.
1-5 NB @ Albro Place
1-405 SB @ NE 85th St.
1-405 SB @ SE 52nd St.
1-405 SB @ Tukwila Way
1-90 WB @ Midspan

1-90 WB @ Newport Way

SR 520 WB @ 84th Ave. NE

SR 167 NB @ S. 208th ®Bus
Bcar
PM Ovan

1-5 NB @ 112th SE
I1-5 NB @ NE 137th St.
1-5 SB @ Albro Place

1-405 NB @ NE 85th St.

1-405 NB @ SE 52nd St.

1-405 NB @ Tukwila Way
1-90 EB @ Midspan

1-90 EB @ Newport Way

SR 520 WB @ 84th Ave. NE

SR 167 SB @ S. 208th

Figure 2-4. Percent of People Carried in HOV Lanes by Mode of Trave During
Peak Periods (1998)
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Figure 2-5. Mode Split in HOV L anes (1998)
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Figure 26. Percentage of Increase in HOV Volumes: Peak Hour Volume vs. Peak
Period Average Hourly Volume (1998)




HOV VOLUME FLOW

Figures 2-7 through 218 examine more closdy the extent and variation of change
in vehicle volumes observed dong HOV corridors during the average weekdays. In
gened, HOV volumes increesed when the lanes were closer to dense employment
centers and decreased on the suburban ends of HOV facilities. Low usage rates were dso
expected a the endpoints of HOV facilities where HOV traffic merges with GP traffic.
As explained in the previous section, the low HOV volumes on 1-90 and SR 520 were
largely due to low congestion leves on 1-90 and the more restrictive 3+ occupancy
requirement on SR 520.

I-5 North of the Seattle Central Business District (CBD) (seefigures 2-7, 2-8)

On 1-5 between Alderwood and Northgate, HOV volumes were dgnificant
southbound during the AM pesk period (>3,000 vehicles) and northbound during the PM
peak period (>4,000 vehicles). This HOV corridor presents a strong directiond pattern,
with high southbound volumes traveling toward the Universty Didrict and downtown
Sedtle in the morning, and high northbound volumes traveling away from downtown
Sesttle in the evening.

|-5 South of the Seattle CBD (seefigures 2-9, 2-10)

On I-5 between the 1-90 interchange and the 1-405 interchange, HOV traffic
during the AM pesk period exhibited a typicd in-bound commute flow, with northbound
peak period volumes sometimes exceeding 3,000 vehicles HOV volumes were
sgnificant in both directions during the PM peak period, with the southbound HOV lane
carrying over 4,000 vehicles and the northbound HOV lane topping out a over 3,000

vehicles.



[-405 North of 1-90 (seefigures 2-11, 2-12)

This corridor exhibited classc directiona commute characterigtics in the morning,
with HOV users traveling toward downtown Belevue and the over cross-lake bridges
from surrounding rura aeas and reversng flow during the evening commute.  The
northbound HOV volumes were concentrated between downtown Belevue and the
Totem Lake area, carying as maly as 4,000 vehicles. The highest southbound HOV
volumes centered around downtown Beluevue, carring more than 4,500 vehicles each

peak period.

|-405 South of 1-90 (seefigures 2-13, 2-14)

Along the 1-405 corridor south of the 1-90 interchange, HOV volumes tended to
be higher for both directions during the PM peak period than during the AM peak period.
Also, volumes were generdly higher between the Newcastle area and Factoria during
both the morning and evening commutes as this facility services the bedroom
communities of Newcastle and Newport Hills

[-90 (see Figure 2-15)

The man area of interest adong this corridor was the section containing the 1-90
reversble express lanes. Note that the reversible lanes between Mercer Idand and the
Mt. Baker Tunnd include mixed-flow traffic comprisng both HOV traffic and Mercer
Idand GP traffic. Thus HOV volumes ae higher in the reversble lanes then at locations
between the I-405 interchange and Issaquah.

SR 520 (see Figure 2-16)

Comparatively, SR 520 carried the least amount of HOV vehicular traffic because

of its 3+ occupancy requirement. HOV volumes were highest during the PM peak period



partly because westbound PM trangit service is not as good as the AM westbound service.
One note of interest is that the design of this HOV lane was intended to improve trandt
service by alowing busesto pass the queue of cars.

SR 167 (seefigures 2-17, 2-18)

Like 1-405 north, this corridor exhibited classc directiond commute
characteristics.  HOV volumes were highest in the northbound direction during the AM
peak period between 157 St. NW and 84" Ave S and during the reverse flow of the PM

peak period. Thissection of the HOV system opened in September 1998.
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GP VS HOV 24-HOUR VOLUME PROFILE

Fgures 2-19 to 2-28 illudrae vaiaions of HOV volume throughout the day and
the relationship between HOV traffic and GP traffic a selected locations. Like GP lanes,
traffic volumes on HOV lanes vary by time of day and location. High HOV use typicaly
coincides with high leves of travd demand and with locations that routindy experience
elevated congestion leves in adjoining GP lanes. This largdy occurs sometime during
the traditiond peak commute periods.

On a per-lane bass, HOV lanes can cary a dgnificant number of vehides in
comparison to their GP counterparts.  For example, traffic volumes in the HOV lanes
goproach 1500 vehicles per hour a various locations during these times (i.e, near
Northgate, south of Seettle downtown, and at Factoria); thisis a very high rate even for
GP lanes. In fact, & some locations and times of day HOV volumes actualy match or
even exceed GP volumes on a per-lane basis (see SE 59th St. on F405) as a result of
severe congestion within the GP lanes.  Additiond performance informaion on HOV
volumesin relation to speed and congestion frequency are presented in Chapter Three.

|-5 North of the Seattle CBD — 112" St. SW (seeFigure 2-19)

On a per-lane bass, the northbound HOV volumes were approximately 50 percent
of northbound GP volumes during the afternoon pesk period. The southbound HOV lane
could gpproach 40 to 50 percent of corresponding GP volumes during the afternoon peak
period.

I-5 North of the Seattle CBD — NE 137th St. (see Figure 2-20)

HOV volumes had prominent pesk vaues during the given commute periods.

The northbound HOV volumes during the afternoon pesk period and the southbound



HOV volumes during the morning peak period could reach 1,500 vplph, that is, nearly 70
to 80 percent of GP per lane volumes.

|-5 South of the Seattle CBD — Albro Place (see Figure 2-21)

HOV volumes were ggnificant in comparison to GP volumes, paticulaly on
northbound interstate 1-5 during the morning pesk period and southbound during the
afternoon peak period. Peak period HOV volumes could approach 1,500 vplph.

1-405 North of 1-90 — NE 85" St. (see Fiqure2-22)

Peak period HOV volumes approached 1,000 to 1,200 vplph. The northbound
HOV lane carried approximately 80 percent of the volume of an adjacent GP lane during
the afternoon peak period. Southbound HOV volumes could approach 70 percent of
southbound GP per-lane volumes during the morning peak period.

|-405 South of 1-90 — SE 59th St. (see Figure 2-23)

HOV vehicular volumes (~1,500 vplph) a this location actudly exceeded GP
volumes (~1,400 vplph) in the northbound direction between 7:30 AM and 8:00 AM.
This was patly the result of a reduction in GP lane capacity caused by high congestion
levels a this location. Southbound HOV volumes were gpproximately 90 percent of
corresponding GP volumes during the afternoon peak period.

I-405 South of 1-90 — Tukwila Parkway (see Figure 2-24)

HOV volumes were dggnificant during the afternoon pesk period for both
directions. Northbound HOV volumes approached 80 percent of adjacent per-lane GP
volumes. Southbound HOV volumes only approached 50 percent of the corresponding
GP volumes during the afternoon pesk period. Data a this recording location were

biased by the design characteritics of the SR 167 interchange.



[-90 — Midspan (see Figur e 2-25)

The revasble fadlity volumes had prominent pesk vaues during each
corresponding peak period. Pesk period volumes approached 25 to 35 percent of
adjoining generd traffic volumes on a per-lane basis. Note, however, that the reversble
lanes a this point contained mixed-flow traffic comprisng both HOV traffic and Mercer
Idand GP traffic.

[-90 — L ake Sammamish Parkway (see Figure 2-26)

HOV volumes approached 500 vplph heading eastbound during the afternoon
peak period and westbound during the morning pesk period. HOV volumes pesked
around 30 percent of corresponding GP volumes during the pesk periods. Congestion
was virtudly non-existent along this HOV segment.

SR 520 — 84th Ave NE (seeFigure2-27)

HOV volumes were rdatively low a this locaion. A drict occupancy
requirement (3+ occupants per vehicle) goplies to this converted shoulder HOV facility.
The main purpose of this ssgment isto alow trangt vehicles to pass the queue of cars.

SR 167— S 208" St (see Figure2-28)

Classc directiond commute characterigics exis dong this corridor.  The
southbound HOV volumes approached to 800 vplph during the afternoon pesk period.

Thiswas nearly 70 percent of the adjacent GP lan€’ s volume.



[-5@ 112th St SW, Northbound

2500
2000 T
~
I
o
|
o
>
2
o
3 1500 T+
I
o
8 GP
Q
c
o
—
-
G 1000 T
o
%]
o
]
<
[}
>
500 T
HOV
0 i T === T t t t t t t t t t t t t t t t t t t
12 AM 2 AM 4 AM 6 AM 8 AM 10 AM 12 PM 2 PM 4 PM 6 PM 8 PM 10 PM
-5 @ 112th St. SW, Southbound
2500
2000 T
a
I
o
gl
o
>
2
C
3 1500 T+
I
o GP
o
()
c
©
|
-
G 1000 T
o
[%]
o
]
<
(o}
>
500 T
HoOV
o e ) ) ' ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) .
12 AM 2 AM 4 AM 6 AM 8 AM 10 AM 12 PM 2 PM 4 PM 6 PM 8 PM 10 PM

Figure 2-19. Average Weekday GP and HOV Volume Profile (1998): 1-5 @ 112th St SW




I-5 @ NE 137th St, Northbound

2500

2000 T

1500 + GpP

1000 T

Vehicles Per Lane Per Hour (VPLPH)

500 T

[-5 @ NE 137th St, Southbound

2500

2000 T

1500 T GP

1000 T

Vehicles Per Lane Per Hour (VPLPH)

500 T

Figure 2-20. Average Weekday GP and HOV Volume Profile (1998): 1-5 @ NE 137th St




-5 @ Albro Place, Northbound
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-5 @ Albro Place, Southbound
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Figure 2-21. Average Weekday GP and HOV Volume Profile (1998): 1-5 @ Albro Place




[-405 @ NE 85th St, Northbound
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1-405 @ NE 85th St, Southbound
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Figure 2-22. Average Weekday GP and HOV Volume Profile (1998): 1-405 @ NE 85th St




[-405 @ SE 59th St, Northbound
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I-405 @ SE 59th St, Southbound
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Figure 2-23. Average Weekday GP and HOV Volume Profile (1998): 1-405 @ SE 59th St




[-405 @ Tukwila Parkway, Northbound
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Figure 2-24. Average Weekday GP and HOV Volume Profile (1998): 1-405 @ Tukwila Parkway




1-90 @ Midspan, Eastbound
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Figure 2-25. Average Weekday GP and HOV Volume Profile (1998): 1-90 @ Midspan




[-90 @ L ake Sammamish Par kway, Eastbound
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Figure 2-26. Average Weekday GP and HOV Volume Profile (1998): 1-90 @
L ake Sammamish Parkway




SR 520 @ 84th Ave NE, Westbound
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Figure 2-27. Average Weekday GP and HOV Volume Profile (1998): SR 520 @ 84th Ave NE
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Figure 2-28. Average Weekday GP and HOV Volume Profile (1998): SR 167 @ S 208th St




GP VS HOV THROUGHPUT COMPARISON

To what extent is an HOV lane being used? Fgures 2-29 though 2-38 break
down person and vehicde volumes within GP and HOV lanes dong the pesk volume
direction. Several pieces of throughput information are depicted for each representative
dgte. The vehicle and person throughput data for GP and HOV lanes are presented as
both overall and per-lane daidics This dlows the determination of what proportion of
totd throughput the HOV fadlity provides, while dso dlowing a farer comparison of
how much throughput the HOV laneis providing in comparisonto asingle GP lane.

|-5 North of the Seattle CBD — 112" St. SW (see Figure 2-29)

AM Peak Period. 1,152 vehides in the southbound HOV lane moved 2,842
people, resulting in an average vehicle occupancy that was nearly two and a hdf times
that of the adjacent GP lane (2.5 people per vehicle versus 1.1 people per vehicle).

PM Peak Period. The northbound HOV lane carried 24 percent of dl peoplein
15 percent of dl cars, with an AVO of 2.2. On a per-lane bass, the HOV lane caried
nearly the same number of people as the GP lane carried but in hdf the number of
vehides

I-5 North of the Seattle CBD — NE 137th St. (see Figure 2-30)

AM Peak Period. 61 percent of the people traveling southbound toward the
Universty of Washington and downtown Sedttle were carried by four GP lanes, the
gngle southbound HOV lane carried the remaining 39 percent of dl travders in 15
percent of the vehicles in the forms of carpools, vanpools, and buses. About 41 percent of
dl people carried in the HOV lane were bus riders (refer to Figure 24), resulting in an
average vehicle occupancy of 4.1. On a per-lane basis, the HOV lane carried 152 percent

more people in 32 percent fewer vehicles than the adjacent GP lane,



PM Peak Period. In the evening peak period, the HOV lane carried 33 percent
of dl people and 14 percent of dl vehicles. On average, 3.4 people were in each vehicle
in the HOV lane. About 36 percent of dl people travelling in the HOV lane were carried
by Community Trangt and Metro buses. On a per-lane bags, the HOV lane carried 96
percent more peoplein 33 percent fewer vehicles than the adjacent GP lane.

|-5 South of the Seattle CBD — Albro Place (seeFigure 2-31)

AM Peak Period. 32 percent of dl people travelling northbound used the HOV
lane and were carried in 15 percent of the vehicles. Unlike other ingde HOV lanes, the
northbound HOV lane & this location is dso an exit lane, 0 it includes a mixture of SOV
and HOV treffic. This dightly lowered the average vehicle occupancy rate. About 44
percent of people carried in the HOV lane were bus riders. On a per-lane basis, the HOV
lane carried 10,695 people in 3,275 vehicles, or 90 percent more people in 28 percent
fewer vehides than the adjacent GP lane.

PM Peak Period. The northbound HOV lane carried 37 percent of dl peoplein
17 percent of dl vehicles, eguivdent to an AVO of 3.5 people in each vehicle. About a
quarter of dl people travelling in the HOV lane were carried by Pierce Trangt and Metro
buses. On a per-lane basis, the HOV lane carried 137 percent more people in 18 percent
fewer vehicles than the adjacent GP lane.

1-405 North of 1-90 — NE 85" St. (see Figure2-32)

AM Peak Period. The southbound HOV lane carried 30 percent of dl peoplein
14 percent of dl vehicles, or 5586 people in 4377 vehicles, reaulting in an AVO of 2.7
people per vehice. Per lane, the HOV lane carried 28 percent more people in hdf as

many vehicles as the adjacent GP lane.



PM Peak Period. The northbound HOV lane carried 33 percent of dl peoplein
19 percent of dl vehides with an average of 2.3 people in each vehicle. On a per-lane
bass, the HOV lane carried 49 percent more people in about two thirds as many vehicles
as the adjacent GP lane.

|-405 South of 1-90 — SE 59th St. (see Figure 2-33)

AM Peak Period. The northbound HOV usage during the morning pesk period
was relaively high. The HOV lane carried 44 percent of the people in 28 percent of the
vehides, an average of 2.1 people in each vehicle. When compared to the adjacent GP
lane on a per-lane bads, the HOV lane carried 59 percent more people in about 21
percent fewer vehicles.

PM Peak Period. The southbound HOV usage during the evening pesk period
was dmos as high as in the adjacent northbound traffic during both the morning and
evening peak period. About 44 percent of the people were carried in the HOV lane in 29
percent of the vehicles, with an average of 2.1 people in each vehicle. In comparison to
the adjacent GP lane, the HOV lane carried 58 percent more people in about 19 percent
fewer vehicles.

[-405 South of 1-90 — Tukwila Parkway (see Figure 2-34)

AM Peak Period. The levd of person and vehicle throughput a this location in
the southbound HOV lane was moderate in comparison to the adjacent GP lane during
the morning commute.

PM Peak Period. The rorthbound HOV lane carried 15 percent more people in

40 percent fewer vehicles than the adjacent GP lane during the afternoon pesk period.



[-90 - Midspan (see Figure 2-35)

AM Peak Period. 29 percent of the westbound commuters utilized the
westbound center lanes travding in a mixture of trangt, carpools, vanpools, and GP
vehides. Traffic volumes dong the center roadway at this time of day represented 14
percent of dl vehices on 1-90. On a per-lane bass, the HOV lane carried 40 percent
fewer people and 76 percent fewer vehicles than the GP lane.

PM Peak Period. In the evening peak period, 33 percent of the people traveling
eastbound used the center lanes in 20 percent of dl vehides commuting on the [-90
bridge. On a per-lane bass, the HOV lane carried 27 percent fewer people and 63
percent fewer vehiclesthan aGP lane.

[-90 — L ake Sammamish Parkway (see Figure 2-36)

HOV usage during both commute periods was moderate.  Overal, the HOV lane
carried about 15 percent of dl people in less than 10 percent of dl vehicles. On a per-
lane bass, the HOV lane carried fewer people and vehicles than the adjacent GP lanes.
This moderate usage of the HOV fadlity was primarily due to the low congestion level
on 1-90.

SR 520 — 84th Ave NE (seeFigure 2-37)

AM Peak Period. The westbound HOV lane on SR 520 (the only freeway HOV
lane in Puget Sound that requires three or more occupants) carried 31 percent of dl
people in only 3 percent of dl vehicles. Of the people carried in the HOV lane, Figure 2
4 shows that bus riders represented 67 percent. On a per-lane basis, the HOV lane carried

9 percent fewer people and 93 percent fewer vehicles than the GP lane.



PM Peak Period. The westbound HOV lane caried 28 percent of dl people
heading across Lake Washington in 10 percent of dl vehides. There were fewer bus
riders in the HOV lane during the evening pesk period because of decreased trangt
savice in the “reverse” direction. On a per-lane bass, the HOV lane carried 22 percent
fewer people and 78 percent fewer vehicles than the GP lane.

SR 167—S. 208" (see Figure 2-38)

AM Peak Period. HOV usage during the morning pesk period was redively
low. In comparison to the adjacent GP lane on a per-lane bass, the northbound HOV
lane carried fewer vehides and people.

PM Peak Period. The southbound HOV usage during the afternoon peak period
was moderate. About 36 percent of dl people were carried in the HOV lane in 24 percent
of dl vehicles, with an average of 2.2 people in esch vehicle In comparison to the
adjacent GP lane on a per-lane basis, the HOV lane carried 14 percent more peoplein
about 37 percent fewer vehicles.

Note that at the time of this andyds severd loop dations dong the northern
section of this HOV corridor were not active, which adversdy affected study results,

particularly those in the northbound direction.
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CHAPTER THREE
SPEED RELIABILITY AND TRAVEL TIME

The WSDOT HOV system policy dates that “HOV lane vehicles should maintain

or exceed an average speed of 45 mph or greater at least 90 percent of the time they use

that lane during the peak hour (measured for a consecutive sx-month period).” To best

gage whether HOV fadilities are offering users faster travel speed and a more religble trip

than the GP lanes, HOV operationd performance was measured in terms of

Speed
reiability
congestion pattern

trave time.

The purpose of these measuresis to describe the following:

the average travel speed variation for a range of trip start times throughout the
day

the likelihood of the average trip in the HOV lane becoming congested (with a
speed of less than 45mph)

how traffic conditions change from locaion to locaion adong an HOV
corridor throughout the day

how HOV and GP travel times compare

the travel time savings redized when the HOV lane is used.

This chapter presents the corridor-wide and Ste-gpecific operationd performance

of HOV fadlities.



The resllts of the operationd peformance andyss dlow us to identify
“problems’ that can then be examined in more detal. It is important to obtan an
undergtanding of why a particular corridor is not meeting the criteria set by the HOV
policy before making operationa changes. In many cases, the cause of the deficiency
may not be eadly fixed. For ingance, when stop-and-go congestion occurs in the GP
lane, HOV traffic dows down because drivers are uncomfortable with traveling at 55
mph so close to stopped traffic. This is cdled “lane friction” because friction between
vehides with only a lane line separating them is too grest. The fact that HOV vehicles
dow down under these conditions improves safety as wel as driver comfort, and it
should not necessarily be viewed asa*bad” outcome.

Ancther concern is how incidents affect HOV lane operatiors. This requires
determining whether they physicaly block the HOV lane or are smply nearby, and how
these incidents cause ddays. Other factors, such as adverse weather and the geometric
condraints of roadways, can aso afect HOV lane operation. Geometric congraints,
such as hills and curves, have a pronounced effect, particularly when steep grades prevent
buses from maintaining desred speeds. Ladt, congestion often occurs where HOV
fadlities merge with GP lanes, as HOV vehicles are forced to contend with weaving GP
traffic. This merge phenomenon happens in places such as on 1-405 near SR 522, ad

can even happen in the middle of a corridor, such ason 1-405 at SR 167.

CORRIDOR-WIDE OPERATIONAL PERFORMANCE

This section describes the performance measures used to evduae the operationd
characterigics of the region's HOV facilitess Each HOV corridor is discussed

independently.  Operationd performance was assessed with the following measures:



speed, speed rediability, levd of traffic congestion, and travel time savings. Each of these

measures is defined below:

90th Percentile Average Speed, by Trip Sart Time. Because the date

policy standard for HOV lane performance requires an average speed of 45
mph or better 90 percent of the time duing the pesk hour, 90" percentile
weekday HOV lane speeds were edimated for a range of trip dart times
throughout an average 24-hour weekday. This measurement indicates that
nine times out of ten (i.e, 90 percent of the time) a vehicdle will travel a a

particular speed or faster.

Trip_Rdiability, by Trip Start Time. In contrast to the 90" percentile

average travel speed, this measurement indicates the likdihood (percentage of
weekdays) that the average trip speed will be below 45 mph for a given trip
dart time.

Average Traffic Congestion Levels. To better undersand how traffic

conditions change as vehicles travel from one location to another on the HOV
gystem, the researchers measured HOV lane congestion patterns at different
points (mileposts) dong the corridor. The data presented are the average of
conditions (average annua weekday lane occupancy data from WSDOT's
loop detectors) measured for the weekdays during the year. The result is an
image of the “ routing’ conditions in each HOV lane corridor for al 24 hours
of the average weekday.

Average Travd Time. Travd times are another measure of corridor-wide

freeway peformance. This measure is particualy ussful for conveying



corridor congestion because it is in a form that is readily understood and that
individua travelers can compare to their own experiences. It is aso useful for
tracking changes in facility performance over time and for comparing GP and
HOV lane peformance. For this report, travel times were estimated for trips
that traverse the length of GP and HOV lane in the andlyss, for a range of
dart times. For a range of gart times for each trip, the project estimated the
average of GP and HOV lane trave times measured for the weekdays during

the year.

Table 3-1 ligts the corridors for which operationa performance was measured.

Table 3-1. HOV Corridorsfor Operational Performance M onitoring_;

CORRIDORS DIR FROM To LENGTH
(MILES)
I-5 North of the Seattle CBD NB | NE130" st Alderwood 9.0
B | 175" s sw NE 130" st. 95
I-5 South of the Seattle CBD NB | S 144" st Columbian Way 77
B | S. Spokane St. S 144" st 77
405 North of 1-90 NB | sE20" st. NE 160" St. 107
B | NE160" St 1-90 Interchange 117
[-405 South of 1-90 NB | Andover Park E Coa Creek Parkway 94
B Coal Creek Parkway | Andover Park E 94
1-90 EB | Mt. Baker Tunnel 200" Ave. SE 14.2
wB | 188" Ave. SE Mt. Baker Tunnel 137
SR 520 wB | 104" Ave. NE 84" Ave. NE 14
SR 167 NB | 439st. NW 4" Ave. N 33
B | 4"AveN 439 st NW 33




Reading the Speed and Rdliability Graphs

The speed and rdiability measures described above are illudrated together in the
same st of figures. For the corridor trips listed in Table 31, graphs were created to plot
the 90" percentile average speed and the 45 mph speed rdiahility (that is, the frequency
a which the average vehicle speed fdls below 45 mph during trips for a given trip dart
time). The following indructions are intended to help the reader understand how to
interpret these graphics.

Hgure 3-1 is an 8-hour dice of speed and rdiability grgph for the northbound
HOV lane on I5 near Northgate from Northgate to Alderwood. Both of these measures
depend on the time of day the traveler leaves. The starting time of a trip is shown dong
the horizontd axis from midnight to midnight. The line graph (near the top of the figure)
represents the 90" percentile average speed for HOVs on I-5 a this location It is
measured with the left verticd axis It indicates that HOV lane vehicles travel at a speed

bel ow 45mph between 4:00 PM and 5:00 PM.

=

o =)

= 60 TS0m Percentie / r 100 L N
; 50 7 Average Speed (MPH - 80 2§
© 40 | Speed Threshold: >= 45mph i 60 % £
o . - £ w
o 30 - - 40 8V
o 20 7 Speed Reliability Threshold: - x o
% 10 - Speed lower than 45mph occurs <=10% of time Speed Reliability (%) [ 20 S
N 0 ©
2 o °a

< 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00

Trip Start Time

Figure 31. Average Weekday HOV Speed and Réeliability Graph: I-5 North of the
Seattle CBD, Northbound from NE 130" &. to Alderwood

The column grgph at the bottom of the figure is messured with the right vertica

axis. It illugrates the frequency with which congestion is experienced in the HOV lane
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on a given trip, where congestion is defined as an average travel speed of less than 45
mph. In this example, the frequency of travelling dower than 45 mph between 4:00 and
5:00 PM is about 10 percent, or once every two weeks (10 weekdays).

Reading the Contour Graphs (Aver age Congestion Conditions)

The second set of graphics shown in this chapter illustrates the geographic and
tempord extent of congestion in the HOV lanes. These graphics were developed to help
the reader better understand how traffic conditions change as vehicles travel from one
location to another on the HOV network.

Each map shows one HOV corridor and is presented in a contour format smilar to
that of a topogrgphic or devation map. Vaious colors indicate the rddive leves of
congesion a commuter may experience as a function of time of day and location
(milepost) dong the corridor.  Figure 32 shows a dice of one of these contour graphs for
the northbound HOV lane on 5 near Northgate. The conditions illustrated represent the
average condition for al 261 weekdays of 1998. Veticdly, the graph represents the
geographic extent of the corridor. Horizontaly, the graph shows a 24-hour day, from
midnight to midnight. The colors on the profile represent congestion, measured in units
of level of service, asfollows.

* green means that traffic generdly noves a or near the peed limit under free-

flow conditions

* vydlow means that travelers encounter borderline traffic conditions with more

restricted movements, but il travel near the speed limit

» redisheavily congested traffic traveling perhaps between 45 and 55 mph
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e blue denotes an extremely congested Stuation, with undable traffic ranging
from stop and go to 45 mph. For the HOV fadilities, this usualy means “free
flow” conditions, but with speeds of 35 mph or lower.

Beside each graph is a map of the freeway corridor and mgor cross-streets to provide a
means of reference to the freeway milepost locations.

Studying the portrait of the HOV segment in Fgure 3-2 shows that, on average,
vehicles in the HOV lane experience heavy congestion between gpproximately 5:00 PM
to 6:00 PM. This congestion is mostly caused by friction with dow moving GP volumes
as lage numbes of vehides move away from downtown Sedtle in the afternoon

commute period. Traffic isfree flowing for the rest of the day.

Sno. County

King County

177.0
1765
176.0 &
o
1755 &
o
1750 =
1745
174.0

NE 175th

13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00
Northgate Way

Time

Figure 32. Corridor Contour Graph: -5 North of Seattle CBD, Northbound from
NE 137" . to Alderwood

SPEED AND RELIABILITY RESULTSBY CORRIDOR

Statistics and graphics produced in this section are based on data collected by
WSDOT throughout 1998. In most cases, the data presented are based on al weekdays

within a given year. Note that current conditions may be different than those described



below, particulaly when new sections of HOV facility open or where mgor changes in
operationa procedures take place. In addition, note that many of the dtatistics presented
are for “average’ conditions. Thus, on any given day, conditions can be much better or
much worse than those depicted and discussed below.

-5 North of the Seattle CBD

Northbound

As the volume flow map indicated previoudy in Chapter 2, this HOV corridor has
a drong directiond pattern, with high southbound volumes traveing toward downtown
Sedttle in the morning, and high northbound volumes traveing in the reverse direction
during the afternoon commute. Near Northgate, HOV volumes can exceed 1,500 vplph
during the PM commuite.

Figure 3-3a shows that for the trip from Northgate to Alderwood, HOV lane
vehicles travel & 45 mph or faster nearly dl the time, with the exception of the peak
evening commute (between 4:00 PM and 5:00 PM). During the pesk of the evening
commute, speeds can drop below 45 mph about once every two weeks. The contour map
(see Figure 3-3b) indicates that northbound congestion is modly limited to between
Northgate and the SnohomidV/King County line during the PM pesk period. An
examination of the operation of this dretch of roadway shows that the dowdown in the
HOV lane is modly caused by friction with dower moving GP volumes, as large
numbers of vehides move away from downtown Sedtle in the afternoon commute
period. In the northern end of this corridor, HOV traffic dso dows near the F5/I1-405
interchange between 4:00 PM to 530 PM. These ddays are caused primaily by a

reduction from four to three generd purpose lanes near Lynnwood.



Southbound

This is one of the mogt routindy congested freeway segments in the metropolitan
area, and the HOV lanes are severdly affected by this congestion.  Southbound HOV lane
vehicles experience dower travel speeds primarily during the AM peak period between
6:00 AM and 8:00 AM (see Figure 338). HOV vehicle speeds fal below 45 mph in the
corridor as often as 30 percent of the time. The contour mgp shows routine congestion
near SR 104, and the HOV lane remans reatively congested through the Northgate area
as it approaches the entrance of the 1-5 express lanes (see Figure 33b). HOV volumes
are condderable during the morning commute (1,500 vplph) as traffic moves toward
downtown Seditle.  While HOV volumes are high, they are not sufficent in sze or
duration to cause the HOV lane to congest. Ingtead, much of the dowdown may be
attributed to an uphill grade a the southern terminus of this section and the resulting lane
friction with the adjacent, dow moving GP traffic.

|-5 South of the Seattle CBD

Northbound

The 90th percentile speed for HOV vehidles drops to 30-45 mph during the AM
peak period between 6:30 AM and 8:00 AM; this heavy congestion occurs as often as
every other day (see Figure 3-4a). The contour map shows that morning congestion
northbound extends from Boeing Field to the end of the study section at the West Sedttle
Freeway interchange (see Figure 34b). The dowdowns in HOV traffic are caused in part
by friction between HOV and GP traffic. This is exacerbated by the loss of freeway
capacity as the outsde GP lane becomes an exit-only lane through the West Sesditle

Freaway interchange.



HOV traffic normdly flows fredy during the rest of the day, except from 3:30
PM to 4:30 PM, when HOV speeds occasiondly dow to 45 mph. Northbound afternoon
congestion pales in comparison to the morning traffic Stuation.  One source of afternoon
congestion is the spill-back from the express lanes entrance. The HOV lane terminates
ner Yeder Way, so dl traffic may enter the express lanes in the afternoon. The
congesion leve shown in the contour map makes evidet the severe impact of this
Stuation

Southbound

Figure 34a shows that when HOV's travel southbound in the PM peak period, the
average vehicle speed can dow to between 40 and 45 mph 15 percent of the time. Much
of the sgnificant dowdown is due to routine congestion near Boeing Field and along the
Southcenter Hill area near the F405 interchange (see Figure 34b). In addition, moderate
congestion occurs just south of the Seattle CBD near Columbian Way as result of treffic
merging from the I-5 mainline and the collector distributor from 1-90. [BB1]

[-405 — North of 1-90

Northbound

Like mogt sections of the HOV lane system, this freeway corridor's HOV lane
operates relatively wel for most times during the day. However, during the pesk of the
evening commute, there is 20 percent chance that an HOV will travel at an average speed
of less than 45 mph (see Figure 3-58). The 90th percentile speed for the HOV lane
averages less than 45 mph for roughly an hour and a hadf. Figure 3-5b shows that
ggnificant congedtion is present only at the northern end of the facility where the HOV

lane ends near the SR 522 Bothel/Woodinville interchange. Congestion from this merge



point (and the mgor condruction project that extends north from this interchange) often
ills back, affecting the HOV lanes. Although congestion in the HOV lanes dong this
corridor is farly minor, the high volume of merge/diverge movements within the corridor
can dfect average travel speeds. These incdude dgnificant merge/diverge movements
near the Redmond/Kirkland interchanges at NE 85th and Totem Lake.

Note that the results described above and shown in figures 3-5a and 3-5b are only
for the period in 1998 after the HOV lanes had been moved from the outsde (near the
exit ramps) to the indde of the fadlity. Fgure 3-5d illudtrates the routine congestion
before the lane switch. At that time, conggtent, routine congestion occurred at a number
of locaions within the corridor, including downtown Belevue, Redmond/Kirkland, and
Totem Lake. Congegtion at these locations lasted the entire evening commute period and
even included the morning commute period in downtown Belevue. The entry and exit of
mixed GP and HOV vehicles caused much of this congestion as they entered and exited
the facility. As a result, the average HOV vehicle speed would dow to below 45 mph
nearly 30 percent of the time during the PM peak period (see Figure 35c). Movement of
the HOV lanes to the indde of 405 has rdieved mogt of this congestion. The average
speed and rdiability have aso improved.

Southbound

Figure 3-5a reveds tha the 1-405 HOV lanes operate better in the southbound
direction than they do northbound. This may be in part because there is no end point
congestion.  (That is, the HOV facility continues south to Renton, whereas congestion
occurs in the northbound direction when the HOV lane ends just before SR 522) The

only dgnificant HOV lane congestion in the southbound direction is through the



downtown Bellevue CBD during the afternoon commute (see Figure 35b). This section
of HOV fadlity is unique in tha congestion occurs in both directions during the
afternoon pesk but in neither direction during the AM peek. (Note, however, that most of
the southbound congestion occurs from downtown Bellevue to 1-90, whereas northbound
congestion occurs near Woodinville/Bothell.)

The switch from outsde to indde HOV lanes dso had a mgor impact on
southbound HOV lane peformance. Figure 3-5¢ shows that consderable congestion
exised in both the AM and PM pesk periods in downtown Bellevue when the HOV lane
was near the shoulder. A large portion of this congestion has been diminated by the lane
converson. In addition, the AM peak HOV congestion between Totem Lake and the
Redmond/Kirkland interchanges has mostly disappeared.

|-405 South of 1-90

Northbound

The 90th percentile HOV speed drops below 45 mph for 30 minutes during the
AM pesk period (see Figure 3-63). Figure 3-6b reveds that heavy congestion occurs
over the Kennydde hill until just south of SE 52nd St during the AM peak period. This
minor but consgent dowing in the HOV lane is caused primarily by friction between
HOVs and the dower moving GP traffic next to them. During the rest of the day, the
HOV lanes perform as intended.

Southbound

The southbound HOV lanes on this section of freeway are less congested than the
northbound HOV lanes. The low leve of congedtion is gpparent in the 90th percentile

peeds and the rdiability of the facility (see Figure 36a). At no time during the day does



the 90th percentile travel time fal below 45 mph, meaning that an HOV can consgtently
expect to travel fagter than 45 mph at dl times during the day. Only a minor section of
the southbound roadway, roughly corresponding to the Kennydde hill, exhibits routine
congestion (see Figure 3-6b).
1-90

No congestion was observed in HOV lanes (using the revershle lanes) on 1-90.
HOV's can expect to travel at or near the speed limit nearly dl the time (see Figure 3-7).
SR 520

Westbound HOV lane vehicles travel a or close to free flow speeds, with dight
dowdowns between 4:30 PM and 6:30 PM (see Figure 3-8). As mentioned ealier,
vehide volumes on this HOV facility are lower than on other HOV fadilities in the region
because of the gtrict 3+ vehicle occupancy requirement.
SR 167

Northbound HOV lane vehicles travel a free flow speeds at dl times. Because of
limits in avalable data, the northern terminus of this HOV lane segment was not included
in this andyds.  Future reports will expand the study zone to capture the remaining
northern section and provide peformance information near the [-405/SR 167
Interchange. At no time during the day does the 90th percentile travel time fall below 45
mph for southbound HOV traffic (see Figure 3-9). Sight dowdowns occur only during

the PM pesk period.
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Figure 3-3a. Average Weekday HOV Speed and Reliability (1998): 1-5 North of the Seattle CBD
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Northbound, S 144th St to Columbian Way (7.7 miles)
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Figure 3-4a. Average Weekday HOV Speed and Reliability (1998): 1-5 South of the Seattle CBD
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Northbound, SE 20th St to NE 160th St (10.7 miles)
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Figure 3-5a. Average Weekday HOV Speed and Reliability (Nov-Dec, 1998): 1-405 North of 1-90
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Northbound, SE 20th St to NE 160th St (10.7 miles)
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Figure 3-5c. Average Weekday HOV Speed and Reliability (Jan-Jun, 1998): 1-405 North of 1-90
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Northbound, Andover Park E to Coal Creek Pkwy (9.4 miles)
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Figure 3-6a. Average Weekday HOV Speed and Reliability (1998): 1-405 South of 1-90
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Eastbound, Mt. Baker Tunnel to 200th Ave SE (14.2 miles)
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Figure 3-7. Average Weekday HOV Speed and Reliability (1998): 1-90




Westbound, 104th Aveto 84th Ave (1.4 miles)
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Figure 3-8. Average Weekday HOV Speed and Reliability (1998): SR-520




Northbound, 43rd St NW to 4th Ave N (3.3 miles)
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Figure 3-9. Average Weekday HOV Speed and Reliability (1998): SR-167




TRAVEL TIME SAVINGS

Reading the Trave Time Graphs

To describe the time savings travelers can expect to obtain when usng the HOV
lanes, a st of graphics that compare expected HOV and GP travel times were created.
These graphs show estimaied HOV travd time redive to GP travel time. Each greph
describes the time it takes to complete a particuar route by traveing in the HOV lane or
the GP lanes. The average travel time for the trip can be read dong the verticd axis. The
horizonta axis shows the time of day when the traveler enters the freeway. The average
HOV trave time savings for the directiond commute during the pesk period is written in
thefigure.

Figure 3-10 shows an example of this type of graph, an 8hour dice of the travel
time comparison graph for northbound +5 from NE 137th St. to Alderwood. The results
show that it takes longer to travel in the GP lane (roughly 13 minutes) than in the HOV
lane (roughly 10 minutes) during the afternoon pesk period. On average HOV lane users
experience a trave time advantage of nearly 3 minutes during the afternoon pesk period
over the travelersin the adjacent GP lanes.

Figures 3-11 through 3-17 present GP and HOV travel time comparisors for the
sudied corridors. Travel times are computed for trips on each HOV corridor.  Travel
time on 1-90 was computed only for trips usng the reversble HOV lanes. Table 3-2
summarizes the trave time savings dong the vaious corridors during 1998 in units of
minutes and seconds per mile. These results show Szable bendfits in travel time savings
in mogt of the corridors. Some of the most sgnificant savings are on 1-5 during the

morning commute traveling southbound toward downtown Sesttle, on [-405 in the
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Figure 3-10. Average Weekday Trave TI'i;ﬂrr]r:e Graph: 1-5 North of Seattle CBD,
Northbound from NE 137" &. to Alderwood

traditional commute directions, and westbound on SR 520 and southbound on SR 167
during the afternoon pesk period.

In many cases, the more moderate levd of travd time savings observed in the
remaining HOV corridors is due to a variety of causes. These indude low leves of
traffic congestion (e.g., on 1-90) and lane friction with congested adjacent GP lanes €.g.,
southbound on 1-5 south of the Seettle CBD during the afternoon commute where GP
Speed is below 45 mph).

It is interegting to note that athough HOV facilities in two corridors may provide
gmilar trave time savings (in seconds per mile), users may perceve the two facilities
differently. For example, on northbound F5 south of the Seettle CBD and southbound |-
405 north of 1-90, GP traffic experiences consderable, routine congestion during the

morning peak period. However, whereas the HOV traffic on southbound 405 traveling



toward downtown Belevue moves near the speed limit, the northbound I-5 HOV traffic

is forced to dow down because of lane friction with dower moving vehides in the

adjacent GP lane (see contour map). As a result, dthough HOV users in both corridors

receive the same travd time saving benefit (31 seconds per mile) during the morning

pesk period, the perceived benefits to the HOV users traveling a& 60 mph may seem

greater than those travelling at dower speeds.

Table3-2. Travel Time Savings (Estimated from Average Speed)

Travel Time Savings

Travel Time Savings

(Minutes) (Seconds per Mile)
AM PM AM PM

CORRIDORS DIR. ESINLC;TS'; 6-9AM) | @3-7PM) | (6-9AM) | (3-7PM)
-5 North of the Seattle CBD NB 9.0 3 20
(Alderwood — NE 130" St)

B 95 S 32
-5 South of the Seattle CBD NB 77 4 31
(Columbian Way — S. 144" &t.)

B 77 1 8
405 North of 1-90 NB 10.7 8 45
(NE 160" St. — 1-90 I nter change)

B 11.7 6 31
1-405 South of 1-90 NB 9.4 13 83
(Coal Creek Pkwy — Andover
Park E) B 94 4 26
1-90 EB 14.2 3 13
(Mt. Baker Tunnel — 200" Ave
) WB 137 4 18
SR 520 WB 14 4 171
(84" Ave. NE — 104™ Ave NE)
SR 167 NB 33 1 18
@™ Ave N —43"9 St. NW)

B 33 3 35




Northbound, NE 130th St to Alderwood (9.0 miles)
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Southbound, 175th St SW to NE 130th St (9.5 miles)
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Figure 3-11. Average Weekday GP and HOV Travel Time (1998): 1-5 North of the Seattle CBD



Northbound, S 144th St to Columbian Way (7.7 miles)
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Southbound, S Spokane St to S 144th St (7.7 miles)
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Figure 3-12. Average Weekday GP and HOV Travel Time (1998):

|-5 South of the Seattle CBD



Northbound, SE 20th St to NE 160th St (10.7 miles)
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Southbound, NE 160th St to 1-90 Interchange (11.6 miles)
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Figure 3-13. Average Weekday GP and HOV Travel Time (1998): 1-5 North 1-90



Average Travel Time (hr:min)

Northbound, Andover Park E to Coal Creek Pkwy (9.4 miles)
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Figure 3-14. Average Weekday GP and HOV Travel Time (1998): 1-405 South of 1-90
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Figure 3-15. Average Weekday GP and HOV Travel Time (1998): 1-90




Westbound, 104th Aveto 84th Ave (1.4 miles)
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Figure 3-16. Average Weekday GP and HOV Travel Time (1998): SR-520




Northbound, 43rd St NW to 4th Ave N (3.3 miles)
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Figure 3-17. Average Weekday GP and HOV Travel Time (1998): SR-167




SITE-SPECIFIC OPERATIONAL PERFORMANCE

Although the measures presented above provide a top-level overview of system
performance along a corridor as a whole, more detail about HOV traffic performance can
be provided by examining the operation of HOV lanes a <specific locations. The
principal measures used to evauate HOV peformance a a paticular dte include the
fallowing:

« Average Vehicle Volume at a Location, by Time of Day. Vehide volumes

were caculated a 5-minute intervas over a 24-hour weekday and averaged
over a full year & a given dte. These volumes were then adjusted to a “per
laneg’ hourly rate (vehicles per lane per hour, or VPLPH) to dlow direct
comparison between sites with varying numbers of [anes.

« Average Speed at a Location, by Time of Day. Weekday speed for a

location was cdculated at 5-minute intervas over a 24-hour weekday and
averaged over afull yesr.

 Percentage of Days During Which the Average Speed Is <45 MPH at a

Location. The percentage of weekdays during which vehides in the HOV
lane a this location travel less than 45 mph was computed. This measure
helps show how “religble’ agiven fadlity is

Locations for which data are presented in this report include the following Sites:

I-5 North of the SeattleCBD - 1-5 @ 112'" SE — Everett (Near Everett)
I-5 @ NE 137" . (Near Northgate)
I-5 South of the Seattle CBD - I-5 @ Albro Pace (South of Sedttle

Downtown)



|-405 North of 1-90 - 1-405 @NE 85th St. (Near Kirkland)

|-405 South of 1-90 - 1-405 @ SE 59th St. (Near Factoria)
[-405 @ Tukwila Parkway (Near Southcenter)

[-90 - 1-90 @ Midspand (Floating Bridge)
[-90 @ Newport Way (Near |ssaquah)

SR 520 . SR520 @ 84" Ave. NE (Near Medina)
SR 167 . SR167 @ 84" Ave. S (Near Kent)

Reading the Average Weekday Volume, Speed, and Rdiability Conditions Graphs

To present these datistics, a new graph is presented.  The following section
describes how to read the HOV dte performance graphs. The example provided Figure
3-18) is for the southbound 1-5 HOV lane a NE 137th St. near Northgate. It shows
average volumes and travel speed conditions from 4:00 AM to 12:00 PM. The horizonta
axis represents time of day, from midnight to midnight (for this example only 8 hours are
actudly shown). The line shows the expected traffic volume and is measured with the
left verticd axis in units of vehices per lane per hour. The volume line is further
enhanced with color-coding. The color of the line reflects the expected speed of vehicles
in the HOV lane on the average day:

gray indicates thet traffic moves at or faster than 45 mph

black represents traffic traveling dower than 45 mph.



The column graph is measured with the right verticd axis It illudrates the
frequency with which congestion occurs a this location. At this Ste HOV volumes can
get as high as 1,400+ vplph during the AM peak period. Travelers can count on moving
fagter than 45 mph in the morning, except between 7:00 AM and 800 AM, when they

have a 30 percent chance of encountering speeds of less than 45 mph.
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Figure 3-18. Average Volumes, Speed, and Speed Rdiability Conditions Graph:
Southbound on 1-5 NE 137" St.

RESULTSFOR SELECTED LOCATIONS

|-5 North of the Seattle CBD — 112" St. SW. (see Figure 3-19)

Northbound

HOV volumes can approach 900 vplph during the PM pesk period. Although
moderate congestion occurs aout once every two weeks during the PM peak period, the
average speed is dtill above 45 mph.

Southbound

HOV volumes are moderate throughout the day. Volumes approach 700 vplph

during the PM peak period. No significant congestion was observed.



[-5 North of the Seattle CBD — NE 137th St. (see Figure 3-20)

Northbound

HOV volumes are very high during the PM pesak period and can exceed 1,500
vplph during the evening commute. Moderate congestion occurs about once a week
during the evening peak period. However, the average speed is still above 45 mph.

Southbound

HOV volumes reach as high as 1,400+ vplph during the AM peak period, but
volumes remain below 700 vplph for the rest of the day. Between 7:30 AM and 8:00
AM, a moderate frequency of heavy congestion occurs and is accompanied by an average
speed of less than 45 mph.

|-5 South of the Seattle CBD — Albro Place (see Figure 3-21)

Northbound

The highes volumes during the day are in the AM pesk, when close to 1,500
vplph use this HOV lane. This high volume results in an average speed of lower than 45
mph. Significant volumes (1,000+ vplph) aso occur in the PM pesk, dthough with less
congestion.  Volumes remain around 600+ vplph throughout the business hours of the
day.

Southbound

HOV volumes are sgnificantly higher in the PM pesk than during the rest of the
day. Pesk volumes of around 1,400+ vplph occur, dthough little congestion results.
Volumes during the day are in the range of 500+ to 700+ vplph, with average speed

aways greater than 45 mph.



1-405 North of SR 520 — NE 85" St. (see Figure3-22)

Northbound

During the PM pesk, HOV volumes exceed 1,000 vplph with little or no
congestion.  During the remainder of the workday, HOV volumes remain congtant, near
300+ vplph.

Southbound

HOV volumes peak a 1000+ vplph during the AM pesk and at 600+ during the
PM peak. No congestion was observed at this location. (Note that the graphs for this ste
present data for only time periods after the conversion from outside to ingde HOV lanes))

|-405 South of 1-90 — SE 59" St. (see Figure 3-23)

Northbound

HOV volumes reach 1400+ during the AM pesk. Volumes during the day are
dightly beow 700 vplph, but they increase to 900+ in the PM pesk. Congestion
frequency iswell below 10 percent during both peak periods.

Southbound

HOV volumes are very high during the PM pesk period, exceeding 1,500 vplph
between 4:00 PM and 5:30 PM and starting to drop around 5:30 PM. During the rest of
the day, volumes are around 500+ to 600+ vplph. Congestion frequency is low.

|-405 South of 1-90 — Interurban (see Figur e 3-24)

Northbound
HOV volumes during the PM peak period are greater than those in the AM pesk
period. HOV volumes are roughly 700 vehicles throughout the morning and midday.

The highest volumes are 900+ in the evening pek. Thereisno congestion.



Southbound
HOV volumes are low to moderate (~ 600+ vplph) with no congestion. Volumes
increase dightly during the AM and PM pesk periods.

[-90 — Midspan (see Figur e 3-25)

Reversible L anes

There are two prominent volume peaks, with 600 vplph (inbound to Seettle) in the
AM pesk and 800+ vplph (outbound to Mercer Idand) in the PM peak. Volumes during
the rest of the day arerelaively low. Thereisno congestion.

[-90 — L ake Sammamish Parkway (see Figure 3-26)

Eastbound

HOV volumes can approach 500 vplph during the PM peek period. Volumes are
relatively low throughout the rest of the day. HOV speeds are greater than 45 mph
throughout the day.

Westbound

HOV volumes can approach 500 vplph during the AM pesk period. Volumes are
relatively low throughout the rest of the day. No congestion was observed.

SR 520 — 84th Ave NE (seeFigure 3-27)

Westbound
HOV volumes are highest during the PM pesk period (~ 350+ vplph). Volumes
are low to moderate throughout the rest of the day. Congestion in the HOV lane occurs

during the PM peak period less than 5 percent of the time.



SR 167—S. 208" St (see Figure 3-28)

Northbound

HOV volumes are moderate during the AM peak period. Volumes remain around
300+ vplph throughout midday. Thereisno congestion & this location.

Southbound

Although HOV volumes are more sgnificant (> 700 vplph) during the afternoon

peek period, thereis ill no congestion at this location.



-5 @ 112th St SW, Northbound
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Figure 3-19. Average Weekday Volume, Speed, and Reliability Conditions: |-5 @ 112th St SW
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-5 @ NE 137th St, Northbound
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Figure 3-20. Average Weekday Volume, Speed, and Reliability Conditions: 1-5 @ NE 137th St
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I-5 @ Albro Place. Southbound
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Figure 3-21. Average Weekday Volume, Speed, and Reliability Conditions: 1-5 @ Albro Place




2500

1-405 @ NE 85th St, Northbound

100
VPLPH with Speed >= 45 mph
VPLPH with Speed < 45 mph
mm— Speed Reliability T 90
2000 T T80
T =
[=%
3 +70 €
2 Q
= v
3 1500 T T60 o
I >
= [}
$ <
3 Ts50
< >
S =
5 3
O 1000 T T40 ©
1% Q
[] o
S 30 ©
o T Q
) [
> &
500 T T20
T10
0 g — ———t t t i t 0
12 AM 2 AM 4 AM 6 AM 8 AM 10 AM 12 PM 2 PM 4 PM 6 PM 8 PM 10 PM
-405 @ NE 85th St, Southbound
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Figure 3-22. Average Weekday Volume, Speed, and Reliability Conditions: 1-405 @ NE 85th St




1-405 @ SE 59th St, Northbound
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Figure 3-23. Average Weekday Volume, Speed, and Reliability Conditions:

1-405 @ SE 59th St




1-405 @ Interurban. Northbound
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1-405 @ Interurban. Southbound
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Figure 3-24. Average Weekday Volume, Speed, and Reliability Conditions: 1-405 @ Interurban
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Figure 3-25. Average Weekday Volume, Speed, and Reliability Conditions: 1-90 @ Midspan
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1-90 @ W L ake Sammamish Parkwav. Eastbound
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[-90 @ W Lake Sammamish Parkwav. Westbound
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Figure 3-26. Average Weekday Volume, Speed, and Reliability Conditions: 1-90 @ W Lk Sammamish Pkwy
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Figure 3-27. Average Weekday Volume, Speed, and Reliability Conditions: SR 520 @ 84th Ave NE
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CHAPTER FOUR
HOV VIOLATIONS

A crude violation rae was caculaed on the bass of the average vehicle
occupancy (AVO) data collected by traffic observers. Other sources that provided some
ingght into HOV violdion raes and the outcomes of enforcement actions include the
falowing:

 violation reports made to King County Metro's HERO program

* warnings and citations issued by the Washington State Patrol

e HOV cases processed in the digtrict courts in counties that have HOV lanes.

In addition to these measures of HOV violations, motorists perceptions of
compliance and enforcement of HOV redrictions were dso solicited through a yearly
public opinion survey. Mogt motorists indicated that improving enforcement would be
the highest priority for meking HOV lanes more dtractive. HOV violation, consdered a
serious traffic violation, is perceived as common during pesk commute hours. For more
detailed information on the public's opinion regarding violations, please refer to Chapter

Fve, Public Opinion.

VIOLATION RATES

Figure 4-1 presents HOV violation rates based on the percentage of SOV's found
in the average vehicle occupancy (AVO) counts of HOV lanes. The violdion rates in
generd ae quite low, typicdly ranging from 2 percent to 13 percent, excluding some
goecid cases.  These low violaion rates suggest that most people obey the HOV

redrictions. At a few locations, higher SOV volumes were observed in the HOV lanes,



namely F90 midspan across Lake Washington (45 percent, 47 percent), I-5 northbound at
Albro Place (31 percent), and F405 northbound at NE 85" St. (20 percent). On F90
midspan between Mercer Idand and the Mt. Baker tunnd (45 percent, 47 percent), a
gpecid provison dlows the resdents of Mercer Idand to use the 2lane reversble HOV
fadlity without having to meet the 2+ occupancy requirement. The high percentage of
observed SOVs in the HOV lane northbound on -5 at Albro Place (31 percent) is largely
due to the fact tiat the HOV lane is dso an indde exit lane where traffic mixes. When
fidld measurements were collected for 1998, the HOV lane a NE 85" St. on 1405 was
dill located on the outsde next to the off-ramp. Therefore, the HOV lane could include
both HOV users and exiting vehicles  The last two examples suggest that violations

increase toward the ends of facilities and where HOV lanes are shared with exits.
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Figure4-1. Mode Split in HOV Lanes, from Observed Occupancy Rate (1998)



Violations dso tend to go up when the opportunity to get caught decreases, such as in

areas that lack barrier separation or enforcement zones.

THE HERO PROGRAM

The HERO program is a service provided by King County Metro that encourages
motorists to report HOV violators by cdling 764-HERO. The HERO program does not
issue tickets because the State Patrol must actudly observe the violation to enforce the
infraction. However, HERO reports repeet violators to the WSP for possble enforcement
action. A brochure is sent to the aleged violator by HERO daff to provide information
on HOV lane policy and redrictions.  Following a second report, the violator receives a
letter from WSDOT, issued by the HERO office, which explains that the person's auto
was observed violating HOV lane redtrictions.  If a third violation is observed, the vehicle
owner recelves a letter from the Washington State Patrol (WSP), also issued by the
HERO office. The number of reported violations has increased steadily since 1993, wth
the total annua number of reported violators reaching 41,731 in 1998. Figure 42 shows
a comparison of annud violaion report rates for the HERO program by month from 1996
to 1998. Reported violation rates decrease in the winter months because of diminished
light levels, which make it difficult to see the number of occupants or the vehicle license

plate of nearby cars.
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Figure4-2 HERO Program Actions 1996 - 1998

WASHINGTON STATE PATROL

The Washington State Patrol has primary responshility for enforcing HOV lane
redrictions on date highways. Although the WSP catches only a fraction of HOV
violaors on any dngle day, repeat violaors have a dgnificant chance of eventudly
getting caught. Troopers have the discretion to ticket offenders or to give verbd or
written warnings as they see fit. (WSP officers have adopted a "zero tolerance” policy
regarding HOV violaions in an effort to curb perdgtent violation rates) For 1998 the
WSP reported 21,098 contacts with HOV violators and issued 12,582 tickets, for a
ticketing rate of 60 percent (see Table 41). The number of tickets issued by officers in
1998 increased 79 percent over the previous year (1997). The 1998 ticketing rate was

aso the highest in the past seven years.



Table4-1. Washington State Patrol HOV Enforcement Actions, 1992-1998

Type of Arrest Verbal Written ~ Accident  Other Total

Action Citations  Warnings  Warnings Citations
1992 3,790 3,717 248 7 21 7,783
1993 3,655 3,389 259 5 33 7,341
1994 2,809 3,159 225 N/A 11 6,204
1995 3,893 2,734 415 N/A 11 7,053
1996 4,784 5,574 327 N/A 23 10,708
1997 7,014 4,786 503 N/A 24 12,327
1998 12,582 8,078 440 N/A 44 21,098

ADJUDICATION DATA

While reports of violations and the number of warnings and tickets issued provide
useful indght into HOV violation rates, it is dso useful to know what happens once HOV
violators have been ticketed. As shown in Figure 43, violations committed in 1997 were
up sgnificantly in comparison to the 1995 and 1996 results. Three categories (Dismissed
with Prgudice, Dismissed without Prgudice, and Amended) have been omitted from the
figure because there were fewer than five casesin each.

The outcome dita are a'so broken down by court district and by type of outcomes
(see Table 4-2). The results shown represent the number of cases consdered for each
classfication in each of the eight mogt active didricts.  Drivers ticketed in mogt didricts
tend to pay the fines a roughly the same frequency (37 percent to 46 percent of tickets
are pad without being contested). The convenience of appearing in court or underlying
opinions about the legitimacy of HOV lane redrictions may guide those decisons.
Resuits from the Renton didtrict are higher than the other didtricts because they represent

the combined casdloads of the Renton Digtrict Court and the Renton Municipa Court.
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Table4-2. HOV Violation Outcomes by Didtrict (1997):
District Court Direct Fine  Committed Dismissed Total
Payment by Court
King County (Aukeen) 559 563 99 1221
King County (Northeast) 1150 1278 354 2782
King County (Shoreline) 351 506 83 940
King County (Southwest) 404 586 104 1094
Bellevue 576 655 95 1326
Federal Way 781 868 164 1813
| ssaquah 489 531 148 1168
Renton (district court plus 1639 1709 274 3622
municipal court)
Total Cases 5949 6696 1321 13966

(43%) (48%) (9%) (100%)




CHAPTER FIVE
PUBLIC OPINION SURVEY FINDINGS

Snce July of 1993, 42,159 surveys have been maled to owners of vehicles
identified as HOV's and SOVs by traffic observers in the fidd. The overdl response rate
for the entire survey population has been 23 percent, with a response rate of 24 percent
from HOVs and 22 percent from SOVs. Many of the figures presented in this report are
based on data collected from January 1998 until June 1999 to better illudtrate the changes
in demographics and opinion since the previous survey period. These opinions ae
compiled from the responses of returned surveys. Because of the random nature of the
mailing and those returning the surveys, conclusons drawn from these data should not be
consdered completely representative of the driving population; rather they should be

consdered and further investigeted in a more andytical fashion.

DEMOGRAPHIC CHARACTERISTICS

The mgority of survey respondents were mae (57 percent), as depicted in Figure
5-1. The ages of the respondents ranged primarily from 31 to 64 (see Figure 52). As
shown in Fgure 5-3, 70 percent of survey respondents possessed a college degree or
post-graduate education, 21 percent had attended only a community college, and 8

percent had finished only high schoal.
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The public opinion survey dso asked respondents to provide information on their
domedtic conditions. Of the returned responses, the most common cluster of domestic
conditions comprised two people living in the household with no people under age 15 in

the home, both working outside the home, and two vehicles (see Table 5-1).

Table5-1. Domestic Conditions of Respondents
Domestic Conditions Number Percentage

2 peopleliving in house 446 20%
No people under 15 years of age
2 people working outside house
2 vehicles

1 person living in house 139 6%
No people under 15 years of age
1 person working outside house
1vehicle

3 peopleliving in house 118 5%
1 person under 15 years of age
2 people working outside house
2 vehicles

3-4 peopleliving in house 106 5%
2 or less people under 15 years of age
2 person working outside house
3vehicle

2 peopleliving in house 100 4%
No people under 15 years of age
2 people working outside house
3 vehicles

2 peopleliving in house 114 5%
No people under 15 years of age
1 person working outside house
2 vehicles

4 peopleliving in house 100 4%
2 people under 15 years of age
2 people working outside house
2 vehicles

34 peopleliving in house 119 5%
2 or less people under 15 years of age
1 person working outside house

2 vehicles

Other/No Response 1038 46%
Total 2280 100%




COMMUTE CHARACTERISTICS

The survey respondents were asked to describe their commute characteristics:

their norma commute and trip routes

» ther typicd commute mode

*  whether they had ever used HOV lanes to commute and in which corridor

o whether they had ever opted not to use the HOV lanes when they were
qudified to use the lanes, and the reasons for not usng HOV lanes.

Commute and Trip Routes

Figures 5-4 and 5-5 show the norma commute and trip routes for survey
respondents. The percentage given represents the use of a given corridor by the survey
population and not the percentage of totd use for freeway corridors within the Puget
Sound region. Origindly, the commute route was determined by the highway corridor in
which motorists were observed.  This designation could then be used to measure sub-
regional differences in opinion aout HOV lanes. However, many respondents were
observed in locations outsde ther norma commute routes or had commute routes that
included more than one traffic observation corridor. To best anadyze sub-regiond
differences in opinion, the commute route information was broken down into categories
containing complete information on the commute route and other trave during pesk

hours. The mgor freeways located within the Puget Sound region were divided into ten

corridors.
1) [-5 North 6) [-405
2) [-5 Centra 7) SR 16
3) [-5 South 8) SR 167
4) [-90 9) SR 410

5  SR520 10) SR512
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Figure 5-4. Normal Commute Route
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Figure5-5. Normal Trip Route

Commute M ode

One of the controls for classfying survey responses is commute mode. Figure 5
6 shows the actud commute modes of survey respondents. SOVs far outweigh those

who rideshare, despite attempts to generate comparable samples of HOV and SOV

drivers.
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Figure5-6. Commute Mode

Past Use of HOV Lane

Severd mgjor HOV system projects within the Seettle area had been completed
gnce the last survey period. As a result, respondents expressed a greater frequency of
HOV use throughout the Puget Sound region. Percentages in most corridors remained
the same or rose dightly over previous results. These results are definitely linked to these
recent expansons to the HOV system (see Figure 5-7).

When asked about their usud driving mode while utilizing the HOV lanes, about
64 percent of the respondents reported to be in a 2-person carpool (see Figure 5-8).
Trends n HOV commute mode have continued to be dominated by 2- and 3-or-more-
person carpools. These mode choices are influenced by a variety of factors, one being

the pressure of congestion levels. It is possble that commuters are responding to



congestion pressures and subsequently have dtered their commute mode for a more
favorable option, namedy HOV lanes. The high response percentage in 2-person and

3+person carpools suggests that HOV lanes are popular during the work week when

employees commute together.
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Figure5-8. Past Use of HOV Lanes




Not Usng HOV Lane

The survey results show a significant number of respondents who, in the past, had
chosen to not use HOV lanes when they were qudified to use the HOV lanes (see Figure
5-9). As shown in Figure 510, the nost popular reason that kept them from usng HOV
lanes when they were digible to use them was tha the GP lane traffic was fast enough.
Other reasons were that the traffic in the HOV lanes was dower than thet in the GP lanes

and trouble with changing lanes.

44% 45% 46% 47% 48% 49% 50% 51% 52% 53% 54%
Percentage (N = 2224)

Figure5-9. Qualified for HOV Lane Use

PUBLIC OPINONS ON VARIOUSHOV ISSUES

The survey responses are broken down by norma commute mode and by the
degree to which respondents agreed with individud assartions. Sample sizes for both
HOV and SOV groups are provided for each question. A p-vaue, representing Satistica
ggnificance, is dso provided for each quesion. A p-value of .05 or less represents

datigticaly sgnificant differences of opinion between HOV and SOV groups.
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Figure5-10. ReasonsHOV LanesWere Not Used

It is important to note that in most cases, HOV and SOV drivers tend to share the
same basc opinions on issues reated to HOV lane effectiveness.  The differences in
opinion among HOV and SOV drivers are frequently based on the degree of support for
or oppostion to a particular issue. The survey results are grouped as follows. Generd
Perception, HOV Lane Operation, HOV Lane Violations, and HOV Lane Improvements.

General Per ception

Ovedl, the support for HOV lanes continues to reman high among Al
commuters.  Figure 5-11 shows that support for HOV lanes continues to be high among
both SOV and HOV drivers, but support among SOV commuters has been showing signs
of meager decline. Both groups agree that HOV lanes are convenient to use (see Figure
5-12). As expected, HOV drivers are stronger supporters because they are more familiar
with the benefits and hazards of the HOV sysem. However, many respondents felt that

the HOV lanes are not fully utilized (see Figure 513). Forty-Sx percent of respondents



disagreed that the HOV lanes are adequately used, ¥ percent thought otherwise, and 17
percent remained neutra on this point.

Figure 514 shows that a mgority of commuters believe that HOV lanes are a fair
use of taxpayers money. HOV users have a united stance on this question. Although the
opinions of HOV drivers and SOV drivers diverge on issues related to HOV lane usage,
performance, and funding, the mgority of both HOV and SOV drivers favor the idea of
HOV lanes and additiond HOV lane congruction (see Figure 515). About 40 percent of
HOV drivers, as opposed to 23 percent of SOV drivers, fet that more HOV lanes will
encourage carpooling (see Figure 5-16). However, when asked about whether HOV
lanes hdp save dl commuters a lot of time, a dgnificant difference of opinion on the
travel time issue was reveded (see Figure 5-17). As expected, SOV users tend to be
more negative, as they are forced to wat in congestion bottlenecks during the pesk
commute period. Last, most respondents were bascdly neutra about whether vehides

dartingin and out of the HOV lanes create a safety issue (see Figure 5-18).
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Figure5-11. HOV LanesArea Good Idea
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Figure5-12. HOV LanesAre Convenient to Use
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Figure 514. Constructing HOV Lanes Is Unfair to Taxpayers Who Choose to Drive
Alone
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Figure5-15. HOV Lane Construction Should Continue, in General
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Figure5-16. More People Would Carpool if HOV LanesWere More Widespread
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Figure 518. Vehicles Dart In and Out of HOV Lanes Too Often for the Lanes to be
Safe

HOV L ane Operation

Most respondents fdt that HOV lanes should not be opened to al traffic; this was
the opinion of 86 percent of the HOV drivers and 56 percent of the SOV drivers (see
Figure 5-19). The difference in opinion between groups on this issue remained the same
asit wasin previous surveys.

Figure 520 shows that SOV users favor opening HOV lanes during non-commute
hours, with 65 percent agreeing; HOV drivers remain undecided, with 40 percent
agreeing and 44 percent againgt. Overal, HOV opinion leans toward keeping redtrictions
on HOV lanes even during non-commute times. Opinions on this option continue to vary

widdly.
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Figure5-19. HOV Lanes Should Be Opened to All Traffic

Disagree

0,
Disagree Strongly _ Lk 1 20% B sov

OHov
18%

24%

10%
eura I 15

Adree — 26%
9 26%

_ 39%
Agree Strongly
15% .

0%

5% 10% 15% 20% 25% 30% 35% 40% 45%

Percentage (HOV N =751, SOV N = 1491, p <.001)

Figure5-20. HOV Lanes Should Open to All Traffic During Non-Commute Hours

HOV Lane Violations

Ovedl, over hdf of the respondents agreed that violations are common during

the commute hours (see Figure 5-21). Both groups appear to resent the fact that HOV

lane violators are unwilling to gt in traffic like everyone dse (see Fgure 5-22). The



mgority of the survey respondents were neutral in their opinion of the HERO program
(see Figure 5-23). This suggests that public education may be needed to hdp commuters

better understand the important role 764-HERO plays in contralling HOV lane violaions.
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Figure5-21. HOV Violations Are Common During the Commute Hours
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Figure5-22. HOV Violators Commit a Serious Traffic Violation
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Figure5-23. HERO Program Helps Reduce HOV L ane Violations

HOV L ane |l mprovements

Regarding options to improve HOV lane usage, enforcement concerns and access
issues appear to outweigh trangportation demand management measures such as
employer subsidies for ridesharing and additiond park-and-ride lots (see Figure 5-24).
Figures 5-25 through 5-32 present how HOV and SOV users view these options for
improving HOV lane usage.

Better enforcement was sdected the best option for incressing the attractiveness
of HOV lanes (see Figure 524). As indicated earlier in Figure 521, HOV violaions are
perceived as common during the commute hours. Both HOV and SOV travelers appear
sendtive to others abusing this specid privilege (see Figure 5-25). Respondents aso
clearly favor congtructing access ramps for insdde HOV lanes (see Figure 526). Figures
5-27 and 5-28 reved that respondents favor insde HOV lanes 38 percent) over outsde
HOV lanes (17 percent). This favorable response may be due to the public’'s strong

desre to continue expanson of the freeways to improve efficiency and lane capacity.



Making HOV lanes wider and safer continues to receive support from both groups of
drivers (see Figure 5-29). The margind difference between groups may be due to
carpoolers having more experience with usng HOV lanes.

Employer subsidies and  increased frequency of bus service ranked equdly as the
most favored of the TDM measures (see figures 5-30, 5-31). However, thar overdl
priority did not compare with issues reated to HOV lane access, enforcement, and safety.
Support for the option of building park-and-ride lots near freeway entrances and exits has
remaned redively unchanged, with SOV drivers showing dightly more support than
their ridesharing counterparts (see Figure 532). This may reflect the idea that park-and-

ride lots are not as much assembly places for carpools as they are links to bus service.
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Figure5-24. Optionsto Improve HOV LaneUsage
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Figure5-26. Construct Access Rampsfor Inside HOV Lanes.
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Figure5-27. HOV Laneson Inside of Freeway.
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Figure5-28. HOV Laneson Outside of Freeway
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Figure5-29. Wider and Safer Lanes.
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Figure5-30. Employer Subsidiesfor Ridesharing
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Figure 5-31. Increased Frequency of Bus Service
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Figure5-32. Park-and-RideLots Near Freeway Entrances and Exits
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